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NATIONAL KDVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

FLIG3T ‘TESTOF NACA F&l+, A LUW4CCEIERATION

ROCKET-~OPELLED VXHICIJZFOR TRANSONIC

FIuT!rERRESEARCH

By Ellwyn E. Angle, Shermsn A. Clevenson,
and Reginald R. Lundstrcm

SUMMARY

A low-acceleration transo~ic flutter test vehicle was launched
and flown by the Langley Pilotless Aircraft Resesrch Division at its
testing station at Wallops Island, Va. Flutter data were obtained on
two similar swept%ack wings (making use of radio telemetering) which
indicated that wing flutter was symmetrical in mode. Flutter developed
in both wings at approximately the same Mach nuniber (M =0.65) and
frequency (37 cycles per second). The left wing failed at M = 0.705,
whereas the right wing remained on the model throughout the entire
flight● The flutter speed detemnined from two+imensional theo~ for
an unswept wing in an inccqmessible flow is not conservative when
compared to the experimental normsl-flow flutter speed. A flutte~
speed comparison of the NACA FR-1+3 and FR-14 models based on their
wing-failure speeds appears to be meaningless. By installing strain-
gage-type telemeters in the models, definite flutter frequencies and
experimental flutter speeds may he obtained.

llV’PRODUCTION

In an effort to obtain information on wing flutter in the trsnsonic
rsnge to assist in the wing’design of high-s~eed airpl~es, the NACA is

investigating vsrious means of conducting flutter tests in the transonic
and supersonic speed ranges. These vsrious techniques sre described in
references 1, 2, end 3. One”technique involves the use of a 10W–

acceleration rocket-propelled research vehicle to csrry vsrious test
wings (of known flutter psraeters) in trsnsonic free flight. The resulb
of the inltisl flight test of tms vehicle, which has been designated the
NACA FR-1, me reported in reference 1. This reference indicates that
the flutter speed and flutter frequency should be obtained in addition to
failure speed to give a more detailed picture of the flutter phenomenon
in the transonic speed range.

-T. .. . .
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The second in this series of flutter teat vehicles equipped to
measure flutter frequency as well as failure speed has leen launched,
and a successful flutter record was telemetered. The results of this
flight are presented herefn.

c

1

E.A.

C.G.

a

M

b

P

l/lc

SYMBOIS

.

airfoil chord perpendicular to leading edge, inches

airfoil length along leading ,edgeoutboard of body~
Inches ——

distance of elastic axis of wing behind leading edge,
percent chord

distance of center of gravity of wing ~ehfnd leading
,-

edge, percent chord -,

( xE.A. _nondimensional elastlc+3xis position 2 lM 1)

(reference k)

nondimensional centemf~avity position (2 ~~”G” -3)
.

(reference 4)
.

Mach number —

semichord in feet &+) (reference 4)

air density, slutw per cubic Soot

weight
per

static

ratio &b2/m), where m is mass of airfoil
unit length (reference 4)

pressure, pounds per iqume foot

free-air temperature, %’ absolute

time after firing, seconds

dynamic pressure, pouuds per squezw foot
()
$V2

air velocity, feet per second

model velocity at start of wing flutter, miles per how

geometric altitude, feet

.

.—.
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GJ torsional rigidity, pound-inches2

ff
e

experimental wing-flutter frequency, cycles per second

f hl first bending natural frequency, cycles per second

‘% second bending natural frequency, cycles per second

ft first torsion natural frequency, cycles per second

fa first torsion frequency (uncoupled) about elastic sxis,
cycles per second

ffo reference wing-flutter frequency, cycles ~r second

(
analysis similar to that used in determining Vfo

)

●

‘D.
“

‘f.
reference wing-flutter velocity perpendicular to

leading edge, miles ~r hour (based on theory for
t~nsionsl unswept wing in m incompressible
medium emplo@ng first bending frequency and
uncoupled torsion frequency and density of testing
medium at time of beginning of fl@ter (reference k))

reference wing-divergence speed, miles ~r hour (bassd
on theory for two-dimensional unswept wing in an
incompressible mediu employing uncoupled torsion
frequency and density of testing m?dium at time of
beginning of flutter (reference 4.))

/
v% nondimensional flutte~velocity

where ~ = 27tfa (reference

ATPARATUS AND MEI’HODS

Model

coefficient
4)

The NACA FR-X3 was a tailless airplane similar to the FR-lA
configuration. A sketch of the model is shown in figure 1, and its
physi&l characteristics ere listed h table I.

The flutter parameters obtained from static
ments made of the horizontal wings sre listed in

Instruments

and vibration measure-
table IT.

Telemeter.– The telemeter consisted of tyo stra~ge channels
(one for each flutter test wing) to record torsional flutter frequency
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by use of the strain variations on the surface of the wing during flutter
smd one inductance chaanel to record signals from a longitudinal acceler-
ometer. A breakwire was routed through each ying and Eo connected into
its strain-channel circuit that the breaking of the wire tuned the trans-
mitter off that chsmnel and resulted in “noise” or “hash” instead of a
definite signal on the oscillograph record. ,~is arrangement made it Pos-..
sible to determine the tinw of failure even if the wing failed outboard of
the strain gages. Positions of the strain gages are shown in figure 1.

Radar and cameras.- The radar and camera installationswere similar
to those listed in reference 1, consisting of a continuous-wave Doppler
radar and motion-picture csmeras. . . —

-A radiosonde waE released immediately after the flight
to dete-e atmospheric conditions prevailing at that time. The results
are shown in figure 2 as a plot of the..veloc~ty of sound and density of
air against altitude. -—

Launching Technique

The launching rack, launching angle, and break-link assembly were
identical with those used for la~chfi ~he NACA
in reference 1.

Flight~ath Approximation

FR-1+1 and ere ~escribed

-.

The initial part of the flight path was taken frcsqthe sequence
of K-24 pictures shown in figure 3. The retinder of the flight path

-.

was calculated by a step-by~tep.method assWning infinite stability.
The results of the calculations are shown in figure 4 as plots of
altitude and horizontal distance against time, —

hslf
from
tude

RIWJLTS

.

-
_.

k.

—

.

—?

. .
.—

●

.

AND DISCUSSION
—

Flight . —

The launching of the NACA FR-1= was per~ormed successfully, One- .
second after the model left the rack itsattitude changed abruptly
600 to 150 as canbe seen in figure 3. !C’kdsrapid change in atti-
might be explained by two conditions that existed at the time of —

launchi~. First, wind &sts up to 17 miles per hour prevailed at that
time and, seoond, the model possessed a large-amount of static stability. j
The r&nainder of.the flight, however, was smooth and at a very low
altitude. At t = 6.75 seconds after firing. the left wim fluttered .—
and failed. (See copy of telemeter record
failure, the flight ~ath assumed a helical

*
QW@mAIJ:.#-.”

;hown in fig. ~~) After wing
pattern and.the model dived _._ “.._

—

.—
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into the sea. Motion pictures confizmed visual observation that no roll
was develo~ed during the portion of the flight that the wings remained on
the model.

The radar did.not function properly; therefore, it was necessary
to determine the velocity by integrating the accelerometer record (curve a,..
fig.
Mach

6), the results of which are shownas curve b, figure 6. A plot of -
number against time is shown in figure 7.

Flutter

The time histo~ of the flight of the NACA I?R-l% is shown in
figures 4, 6, and 7 as the variation of altitude, horizontal distance,
acceleration, velocity, and Mach number with tjme. Conditions at the
time of the beginning of wing flutter sre as listed in table ITI.

The telemter record (fig. 5) shows that flutter occurs as a
symmetrical mode and with a frequency of 37 cycles per second. The
influence of the bendin@Yequency ratio fh/fa on the fhtkX+&8~U8?2Cy

rat~o f/fa, detetined by use of the two-dimensional umswept theory
(reference 4), is shown in figure 8. From this fYgure it is seen that,
at the first—beniing-frequensy ratio of 0.263, the reference flutter-
frequency ratio is 0.545 and yields a flutter frequency of 37.5 cycles
per second..

The left wing fluttered at a Mach number of 0.657 and failed at a
Mach number of 0.705. The right wing fluttered at a Mach number of 0.647,
but motion pictures showed that it remained on.the model throughout the
entire flight, probably due to the destruction of the symmetry of the
model after the failure of the left wing.

Figure 9 shows the influence of the lending-frequency ratio fh/fa

on the flutter coefficient v/bus for an unswept thin airfoil of infinite
aspect ratio in an incompressible flow. (See reference k.) It is seen
from this figure that the flutte~peed coefficient is 2.65 (first–
bending-frequency ratio of 0.263), yielding the reference flutter
speed Vfo of 376 miles per hour (M = O.~). This analysis applies
to the normal flow of”a two-dhnensionsl wing end cannot be applied
directly to a swept w@g.

For purposes of making an ar%itr~ comparison of the swept+ring
flutter speed with the reference 8pe.ed,the flow normal to the leading
edge of the swept wing my be telmn as a reference. Thus, the flutter
stsrted at a stream Mach number of 0.657 which corresponds to a normal—
flow Mach number of 0.464. It my be noted that this experimental norma&
flow flutter Mach number, although in closer agreement ~th the refer-
ence Mach nmnber (M = Oh@, is lower than the reference Mach number
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(0.464 comyared to O.~) . The reference Mach

by the speed of sound at time of wing flutter,.

num%er

As in

NACARM NO. L&24

“
is Tfo divided

the case of flutter
b-xnbFB-kOOO (reference 2, table II),the reference flutter speed is seen w._

to he unconservative when-compsred to the component of the free-stream
exper~ntal flutter speed perpendicul~ to t>e leading edge.

,—

Compwingthe flight of the ~ACA ~-l~”with the FR-1+1, it iS _.
seen that both models lost one wing at different failure speeds. The
failure speed of the IR-1-A was determined l)y’bre~ire installation.
It @y be noted that a swept wing meg flutter for a considerable period
of time before failure (reference 2, fig. 14). It is possible that two

—

similerly constructed wings could have different failure speeds due to
the variable length of time of flutter of wings while the rocket is still
accelerating. Because of these reasons, a flutte~peed comparison of tk 1
winw on the two rocket models lased on winefailure speeds appears ?nesning-

1
.

10s;. USing strain~age-type-telemeter inet~ations Ln the rockets g!?es..
definite flutter frequencies and experimental,flutter speeds.

A technique has been
telemeter for determining
in a free air stream.

C!ONCISJDINGREMARKS

developed using a lowacceleration rocket with
the quantitative flutter characteristics of wings

The telemetered flutter record obtained during the flight of the
FR-1~ showed the following:

1. The flutter was a symmetrical mode of flutter at 37 cycles
per second.

2. One wing fluttered at a Mach num%er o? 0.657 wd failed at a
Mach number of 0.705.

3. me other wing fluttered at a~ch n~er O! 0.-647~d re~}ned
on the model throughout the.entire.fl?-ght~

The experimental normal-flow flutter speed, ~thou@ h closer
agreement with the reference flutter speed than the measured flutter
speed Vfe, is lower than the reference flutter speed;

Since there is the possibility
my have total failure at different
sustained flutter kmfore failure, a

that two~imilarly constructed wings
speeds as;well as the poseibllity of
flutter-speed comp~ison of the

—

.—

●

✎ ✎
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✎

�
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.

—



NACA ~NO. L&24 7

.

.

NACA FR-1-B ad FR-l+roc wi~failure speeds appears
meaningless. The use of strai~e=ty@-telemeter installations in the
rockets gives definite flutter frequencies end experimental flutter sweds.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

La@ey Field, Va.
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TABLE

CHARACTERISTICS

1

PHYSICAL

. . . . .

OF MODEL NAC!AFR-lq
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Fwelage:
Length,
MeXimL?m

Horizontal

in. ● . .’. .

diameter, in.

wings:

● 93
io. 625

.—
Weight (eac~), lb . .
Area (total), sq ft .
Area (exposed), sq ft
Span, ft......
Aspect ratio . . . .

. 6.00
s 7.45
. 6;18

—

. 5.25

Airfoil section (normal
Sweepback engle, deg .
Loading, lb/sq ft . . .
Meen aerodynamic chord,
Taper ratio . . . , . .
Criticsl Mach numler .

Vertical wings:
krea (total), sq ft . .
Area (exposed), sq ft .
Span,ft ● . . . . 0 .
Airfoil section (normal
Sweepback sngle, deg .
Loading, lb/8q ft . . .
Mean aero@namlc chord,
Taper ratio . . . . . .
Critical Mach number .

to leading edge)
.
.
.
.
.

●

✎

●

●

✎

✎

●

✎

●

●

✎

. .
.. .
in.
. .
. .

. .

. .

. .

.

.

.
●

✎

●

✎

✎

.

.

.
●

✎

✎

✎

✎

.

.

.
●

✎

✎

✎

●

●

✎

0

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
●

●

✎

✎

✎

✎

.
●

✎

✎

✎

✎

✎

✎

.

.

.

.

.

●

●

✎

17
: “1:1
. 0.79

.

.

9 3.40
. 2.22
. 2.55
65-009

—
—

to leading edge] NACA
..*
. . .
● O.
. . .
.**

.,
—-.
—
.—
-,
:4,

.60
il~

“1:1
0.79

. .

. .
in.

. .

. .

. .

. .

. .

. .

. .

●

✎

✎

✎

✎

.

.
●

✎

✎

.

.

.
●

✎

.

.

.

.

.

.

.

.

.

.
.,

—1

.

—
.“

—
.:. ;,*~&#

$irF+D&. . ,



NACA ~No. L&!24 .-

.
a

. TABLE II

AIRX’OILI!KITmP~

‘hl

‘k

ft

.

.

fa

1

b

a

E.A.

a+xa

C.G.

2
‘a

Left wing

17.4

130

68.7

66.1

37.1

0.5

-0,24

38

-0.I.2

44 “

0.21

26.1

Right wing

18

133

71.5

68.9

37.1

0.5

-0.24

38

-0.12

44

0.21

26.7
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INIK)RMATIONAT TIME OF WING FLUTTER

tiCA RM No. L&!24 -

A

Parameter Left airfoil Right airfoil

M 0.657 0.647

~f ~ 506 500

;fe Cos 45° 338 , ; .354

P 0.00230 0.00230

q 295 287

P~ 2100 2100

T 532 : 532

t 6.36 6.28

h 225 230

lpt 27 27.6

‘fe ‘37 .37

ff o 37*5 37.5

~fo 376 391

‘DO 469 491

(3J 316,000 “ 355,000
.— ..— —

-=?2=

.-

.

.

—

.

.

.

.-

—

.

. .



Section A-A : NA CA 63=009

.%(! tfan B-B : ALACA 65-009
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/
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.

Figure 1.- FR-1 -B fluttertestrocket.
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~~fl’fi+y,p ~S/ugJ/cbf+ =Fzgi= - =

/lo /24 //429//32 /M’$ //2u //44 .

L%/06ify j ~ , 2f/JR- .

F@ure 2.- Results of radiosonde record,
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=J!ig
Time, O sec Time, 1.0 sec L-53644

Figure 3.- Sequence of pictures of the first2.5 seconds of flightof the FR-1-B taken
with K-24 camera.
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Figure 3.- Concluded.
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/00

0

0/2345 6 7
—
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/24?9

mu

400

u——————

.

0 / 2

,

Figure 4.- Calculated

~~’”
#’Jet” ~

trajectory characteristics of the FR-1-B.
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Figure 5.- Portion of telemetered record showing wing flutter.
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6.- Variation of acceleration and velocity against time.
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Figure 8.- Variation of flutter frequency ratio
frequency ratio.
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Figure 9.- Variation of flutter velocity coefficient against bending

frequency ratio..
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